An access to oxyfunctionalized quinopimaric acid derivatives is reported. The ozonolysis of methyl dihydroquinopimarate occurs through 1,2-cycloaddition of ozone to the bridging double bond followed by intermolecular rearrangements and formation of nontrivial 4β-hydroxy-4α,14α-epoxy-13(15)-ene derivative 2. The oxidation of methyl furfurilydene dihydroquinopimarate with ozone led to anhydride 5 and unexpected carboxymethyl substituted cyclopentane lactone 6. The structure of compound 6 was confirmed by X-Ray analysis of its methyl ester.
Abietane diterpenoids (e.g. abietic, dehydroabietic, and levopimaric acids) are an important class of natural products which have been used as enantiomerically pure starting materials for the production of drugs, chiral reagents and polymers [1 -4] . Levopimaric acid is a constituent of natural resin obtained from a gum of coniferous trees, in particular, from pine (Pinus sylvestris) [5] . Levopimaric acid easily reacts with dienophiles, such as acrylic acid and its derivatives [6, 7] , fumaric acid [8] , maleic anhydride and its derivatives [9, 10] , benzoquinones and naphthoquinones [11, 12] , giving the Diels-Alder adducts in high yields.
Oxyfunctionalization of natural products is an effective method to obtain new biologically active compounds or valuable chiral building blocks for drug synthesis [13] . Oxidative transformations of levopimaric acid diene adducts, such as maleopimaric, fumaropimaric and quinopimaric acids, involved hydrogen peroxide [11, 14] , peracids [15] , ozone [16 -18] , osmium tetroxide, tertbutyl chromate [19] and permanganate oxidation [20] . The endoconfiguration of most Diels-Alder adducts appears to complicate access to the bridging double bond for common oxidizing agents. Nevertheless, quinopimaric acid derivatives with antiviral activity were synthesized in high yields with excellent regioselectivity by oxidation with dimethyldioxirane [21] . We have also demonstrated that interaction of methylmaleopimarate with ozone occurs via the cleavage of the bridging double bond and the opening of an anhydride ring giving an 18,19-secotriacid derivative with pronounced anti-inflammatory and antiulcer activities [22] .
As part of our ongoing program on the synthesis of novel biologically active derivatives of levopimaric acid diene adducts [12, 22 -24] we report here an efficient access to oxyfunctionalized quinopimaric acid derivatives. As outlined in Scheme 1, the interaction of methyl dihydroquinopimarate (1) with ozone in CH 2 Cl 2 at 0ºC led to formation of intermolecular cyclization product 2. The probable mechanism of the formation of compound 2 is described in Scheme 1. Such kind of rearrangement occurs when the carbonyl group at C4 and peroxide group, which formed under the action of ozone on the double C13 (14) bond, are spatially close. By virtue of steric hindrance in molecule 1 the interaction of ozone with the bridging double bond does not proceed by 1,3-dipolar addition, but through electrophilic 1,2-cycloaddition. Further interaction of the nucleophilic particle with the carbonyl group is accompanied by formation of a new double bond at C13(15) to yield nontrivial 4βhydroxy-4α,14α-epoxy-13(15)-ene derivative 2. It is remarkable that an excess of ozone did not oxidize the С13(15) double bond.
Ozonolysis of methyl 3-furfurilydene dihydroquinopimarate (4), obtained by condensation of 3 with furfural in alkaline medium, afforded anhydride 5 and unexpected carboxymethyl substituted cyclopentane lactone 6, which were isolated in pure form in 72% and 12% yields, respectively, after column chromatography. Thus, oxidation of furfurilydene derivative 4 with ozone is a promising route to new diterpenoid precursors for further chemical modifications.
Experimental
General: 1 H and 13 C NMR spectra were recorded on a Bruker AM-300 spectrometer (300 and 75.5 MHz respectively, δ, ppm, J, Hz) in CDCl 3 , internal standard -tetramethylsilane. Melting points were detected on a microtable Boetius. Optical rotations were measured on a Perkin-Elmer241MC polarimeter (Germany) in a tube length of 1 dm. TLC analysis was performed on Sorbfil plates (Sorbpolimer, Russian Federation) using chloroform -ethyl acetate, 40:3. The substances were detected by a 10% solution of sulfuric acid with subsequent heating at 100 -120 o C for 2 -3 min. The ozone generator used was Ozone -4K (Russian Federation). Compounds 1 and 3 were prepared as described previously [11, 25] . 
Compounds 5, 6:
A rapid stream of ozone was passed through a solution of 4 (0.506 g; 1.0 mmol) in CH 2 Cl 2 (30 mL) at -40ºC until the starting compound disappeared (TLC control). The solvent was removed in vacuo, and the mixture purified by CC eluting with benzene, then chloroform. Crystallographic data for 7: The X-ray diffraction data were collected on a Bruker AXS Apex II diffractometer at 296 K (graphite monochromator, MoK α radiation (0.71073). C 28 H 40 O 7 , colorless prismatic crystal: 0.31 × 0.17 × 0.17 mm, Mr = 488.6 g mol -1 , orthorhombic, P21, a = 8.0686 (7) 
Compound 5

